Virus particles morphologically resembling adenovirus were found in fecal specimens from infants and were examined for cultivability with standard cell culture techniques and for characteristics of human adenoviruses. Specimens from 13 of 15 infants could not be cultivated in cell cultures. The two adenoviruses that were cultivated, types 1 and 31, reacted in the expected manner in all tests. Counterimmunoelectrophoresis with group-specific anti-hexon serum confirmed that the observed particles in the 15 specimens were human adenoviruses. The buoyant density in sucrose of five of the noncultivable adenoviruses in original stool suspensions averaged 1.335 g/cm3 and that of the two cultivable ones averaged 1.332 g/cm3; both groups had typical adenovirus morphology by electron microscopy. Treatment of the specimens and of a variety of tissue culture cells with proteolytic and other enzymes did not improve cultivability. Examination of partially purified virus by immunoelectron microscopy did not reveal evidence of immunoglobulin A, G, or M coating on the particles, an indication that coproantibody inhibition was not the cause of noncultivability. Fluorescent-antibody studies with an antihexon conjugate and counterimmunoelectrophoresis studies of serially passaged noncultivable viruses indicated that the viruses are infecting cells but are not undergoing effective replication. Antisera to three of the noncultivable viruses demonstrated homologous reactions in counterimmunoelectrophoresis with the respective immunizing antigens but showed only low levels of hemagglutination-inhibiting and neutralizing activity to a few of the known human adenoviruses. We concluded that the noncultivable viruses in these infant diarrhea cases were indeed human adenoviruses, were not defective particles, were not bound to coproantibody, were infectious but incapable of effective relication in conventional cell cultures, were serologically related to types 11, 17, 32, and 33, and should be considered a new, distinct subgroup.
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The discovery of the Norwalk agent in fecal extracts (18) and rotaviruses in duodenal mucosa (4) and fecal extracts (8) has led to increased interest in electron microscopy (EM) examination of fecal specimens. A variety of viruses, including adenoviruses (AV), have been observed by EM examination of fecal extracts (3, 7, 22, 31) . Despite intensive efforts, the AV we have observed in large numbers in fecal specimens usually could not be cultivated in cell cultures, a fact noted by others as well (7, 22, 31) . This was surprising, since other AV are relatively easy to cultivate and type, and since observation by EM indicates a virus concentration of .106 particles per g of feces (7) .
In recent studies of infant diarrhea in which we were looking primarily for rotavirus, we occasionally observed particles by EM that were morphologically indentical to AV but which we could not isolate in cell culture. In this study we investigated four hypotheses which might explain our failure to cultivate these viruses in conventional cell cultures: (i) the particles were not really adenoviruses; (ii) the particles were defective viruses; (iii) the particles were coated with antibody; and (iv) the particles could not replicate in conventional cell systems. This study describes our investigation into these hypotheses for our failure to recover AV from EMpositive stools from infant diarrhea cases, and describes some characteristics of these "noncultivable" AV. ' FA with anti-hexon conjugate; test scored for numbers of intact epithelial cells positive for nuclear or cytoplasmic fluorescence, or both: <1% of the cells present (±); 5% (+); 10% (++); 15% (+++); 25% (1); 50% (2); 75% (3) ; and 100% (4) . ' A group of five stool specimens from infants with diarrhea in which no virus particles of any kind were seen by EM.
MATERIALS AND METHODS

Specimens
AV-positive control. Respiratory symptoms were not noted in any of the infants.
Electron microscopy. Specimens for direct EM were suspended in 4 volumes of phosphate-buffered saline (pH 7.4), centrifuged at 1,400 x g for 20 min to remove large debris, and examined by the pseudoreplica technique as described by Martin et al. (20) . Specimens in which AV particles were observed were saved for further study.
Virus purification. Fecal suspensions that were positive for AV were taken through further steps to partial purification; 20% suspensions were clarified in a PR-2 centrifuge at 1,400 x g for 20 min, and the supernatant fluids were centrifuged at 7,000 x g for 60 min to remove bacteria. The supernatant fluids from this step were then centrifuged over 1-ml 70% (wt/vol) sucrose cushions at 149,000 x g for 60 min in an SW50.1 rotor. The pellets, suspended in 1 ml of phosphate-buffered saline per tube, were considered partially purified virus.
Cell cultures. final concentrations of 500 ug/ml. Trypsin-TPCK (Worthington Biochemicals Corp., Freehold, N.J.) was used at a final concentration of 5 ,ug/ml after the specimens were treated with a trypsin solution at 500 ,ug/ml, as described by Babiuk et al. (1) .
Virus identification and serology. Cultures with cytopathic effect (CPE) were incubated 48 h beyond the point of 4+ CPE (100% of the cell monolayer affected) to obtain maximum titers of hemagglutinins. They were harvested by a single freeze-thaw cycle at -70°C, subgrouped by differential hemagglutination (HA) tests (11) , and typed by standardized HA/hemagglutination-inhibition (HI) tests (15) with reference equine antisera (14) . HI tests for AV-31 were carried out as described by Wigand and Keller (32) . Identifications were confirmed by serum neutralization (SN) tests in HEK or HEp2 cell cultures.
Counterimmunoelectrophoresis. Counterimmunoelectrophoresis (CIE) tests were done on glass slides (25 by 75 mm) with 1% SeaKem agarose-ME (Marine Colloids, Rockland, Maine) in tris(hydroxymethyl)aminomethane (Tris)-barbital-sodium barbital buffer (pH 8.8), as previously described (13) .
We used AV type 2 hexon antigen and mouse immune ascitic fluid to this antigen as previously described (6) . Horse and rabbit antisera to AV-3 and working stock cultures of AV-2 and AV-3 came from our reference reagent collections.
Density gradient centrifugation. Equilibrium centrifugation was performed in linear 35 to 71% gradients of crystalline sucrose (Sigma Chemical Co., St. Louis, Mo.) in 0.01 M phosphate-buffered saline (pH 7.2). Samples of original stool suspensions (approximately 0.5 ml each) were layered onto the 11-ml gradients and banded at 110,000 x g for 18 h at 8°C in a Beckman model L5-50B centrifuge. The gradients were harvested dropwise from the bottom of the tube, and each 0.4-ml fraction was tested for density in an Abbe refractometer and for presence of virus particles by direct EM as above. The EM data were roughly quantitated for numbers of virus particles.
IEM. Immunoelectron microscopy (IEM) was carried out by mixing 0.8 ml of partially purified AV with 0.2 ml of dilutions of high-potency goat anti-immunoglobulin serum (courtesy of Charles Reimer, Center for Disease Control, Atlanta, Ga.), incubating at 4°C overnight, and pelleting at 50,000 x g for 90 min in an SW50.1 rotor. The supernatant fluids were discarded, and the pellets were suspended in 0.2 ml of phosphatebuffered saline for examination by the EM pseudoreplica technique.
FA tests. Direct fluorescent-antibody (FA) tests were performed on HEp2 microcultures as previously described (19) stool specimens and 1 stool specimen from a child not ill at the time of collection, all of which had particles morphologically identical to AV, constituted the subject of this study ( Table 1 ). The 15 AV-positive specimens were negative by standard cultures for enteropathogenic bacteria and for enteroviruses.
All original stool specimens that were positive by EM were also positive by CIE with AV-2 anti-hexon mouse immune ascitic fluid and with horse and rabbit antisera to AV-3, the latter being used for confirmation of the AV anti-hexon reactions (Table 1) . However, only two of these specimens produced CPE in any cell culture system in 12 weeks of continuous culturing, with or without trypsin pretreatment or the presence of selected enzymes in the culture fluids. These two produced typical AV CPE in the first passage of several cultures and were readily identified by routine HI and SN tests as AV-1 and AV-31. The pretreatment of the specimens with trypsin and the presence of enzymes in the maintenance media had no obvious effect on the isolation of the AV-1 and AV-31, but both were isolated sooner from the respective partially purified preparations than from the original stool suspensions. The other 13 original specimens, their respective partially purified preparations, and the AV-negative stool controls remained negative for CPE in all systems throughout the culture period.
The buoyant densities of five of the noncultivable AV and of the two cultivated ones were determined as a test for incomplete virus particles ( Table 1 ). The buoyant density in sucrose ranged from 1.329 to 1.339 g/cm3 for the AV in all seven stool suspensions, as monitored by EM, with no discernible difference in density between the noncultivable and cultivable strains. The morphology of the particles at their density peak again appeared to be typical of AV.
The failure of certain enzymes, in particular trypsin, to enable us to isolate the noncultivable AV suggested that virus-bound antibody was not responsible for the cultivation problem. We then sought additional evidence against the virusbound antibody hypothesis by IEM tests. IEM was set up with partially purified virus and serial dilutions of highly class-specific human immunoglobulin A, G, and M (IgA, IgG, and IgM) goat antisera. We found no evidence that IgA, IgG, or IgM antibodies were present in any of the mixtures containing the noncultivable adenoviruses, although we observed some clumping of virus particles without indication of antibody coating. By contrast, the "positive control" preparations of the AV-1 specimen and AV-1 equine antiserum demonstrated both clumping and antibody coating (Fig. 1) .
The first, second, and third HEK passages in regular maintenance medium of the 13 noncultivable specimens (both original suspensions and partially purified viruses) were tested by CIE and FA for evidence of viral replication in the absence of apparent CPE. As in the original suspensions tested directly by CIE, all 13 had positive CIE reactions in the HEK, cultures, and most of them were positive in the HEK2 cultures. However, none was positive in the HEK3 cultures. This suggested that viral replication was not occurring and that the hexon antigen was simply being diluted out in the serial passages.
The AV-negative stool controls were again negative throughout these tests.
By FA, most HEK, and HEK2 passages of both the original suspensions and the partially purified viruses were positive at days 4 and 7 of incubation in HEp2 cells (Table 1) ; most HEK3 passages were negative. None was positive for CPE before being stained, except 131-7 (AV-1), 131-10 (AV-31), and the AV-2 and AV-3 controls. In the FA-positive cultures, including those of the AV-1 and AV-31 isolates, there was solid fluorescence in the nuclei and usually staining of aggregates in the cytoplasm (Fig. 2 ). An "inoculum dilution" effect was apparent here also. Whereas the positive control cultures (AV-1, -2, A -3, and -31) gave 2+ to 4+ staining at 4 days, and little of the cell monolayer was left at 7 days, showing all cells infected and replication occurring, the noncultivable AV showed only 1+ staining or less in the HEK1 and only a few cells staining in the HEK2 passages. In contrast to the cultivable AV, the FA staining in the noncultivable AV progressed only slightly between day 4 and day 7. The AV-negative stools consistently showed only background staining.
We next attempted to identify the noncultivable strains in a converse manner by HI and SN tests with all 35 prototype human adenoviruses versus rabbit antisera to three of the noncultivable strains. The antisera were initially shown to contain homologous antibody by CIE tests with their respective immunizing antigens. They were also shown to possess anti-hexon antibody by CIE tests with all 15 original stool suspensions, their respective partially purified preparations, and the hexon and AV-2 and AV-3 positive controls (Table 1) . By HI tests, low levels of antibody (1:8 to 1:16) were detected in one or more sera with AV types 17, 32, and 33, and similar levels of antibody were found by SN tests with types 11, 17, 32, and 33 (Table 2) . Considering the strength of the homologous CIE reactions, we concluded that these low levels of antibody do not indicate identification but probably represent one-way (at least) cross-reactions between the noncultivable strains and these four prototype AV. DISCUSSION The association of AV with infant diarrhea has been noted for a number of years (16, 17, (29) , believed that the nausea, vomiting, and diarrhea noted in some patients they studied was due to the AV infection rather than to the cough and antibiotics as previously described (5). Joncas and Pavilanis (17) noted that more than half of the viruses they isolated from diarrheic children in 1958 through 1959 were AV; association with illness was clouded, however, by a similar finding in a non-ill control group. They also found that they were not able to isolate AV from rectal swabs from five of seven children who had a fourfold or greater serological rise to AV antigen by complement fixation.
Moffet et al. (23) found a significant difference in the numbers of AV isolated from infants with diarrhea and from a control group; AV was recovered from 17% of infants with diarrhea but from only 5% of normal infants of the same age bSN titer in MK cells is listed as the dilution factor of the highest dilution of serum causing a 2+ reduction in CPE from that observed in the working dilution (virus control) in 3 or 4 days at 35°C (14) . 0 indicates titer of <8.
group admitted for elective surgery and without respiratory or gastrointestinal symptoms within a week of surgery. These authors suggested that the increased frequency of AV recovery may have been a result of the diarrhea rather than a cause, perhaps because of increased shedding of latent AV in infants with diarrhea or because of the increased inoculum size from a watery stool. They found nine different AV types and one untyped virus; types 1 and 2 predominated. Flewett et al. (8) described an outbreak of diarrhea involving a nurse and 6 of 19 children on the same hospital ward. AV-like particles were observed by EM of feces from four of the six children and from the nurse, but not from any of the other 13 (9) .
The increased study of fecal specimens by EM in recent years has led to the observation that, although particles of obvious AV morphology are seen in some fecal specimens, sometimes in concentrations of >106 particles per g of feces, they frequently cannot be cultured in vitro (7, 22, 31 (10, 24, 28) . All of the AV we studied appeared typical by EM examination and had densities in sucrose of around 1.33 g/cm3.
The third hypothesis was that the particles were intact AV but were rendered noninfectious by coproantibody coating. Watanabe et al. (30) found antibodies of the three major classes in feces of infants and young children with rotavirus infection. They believed that many of these antibodies had been damaged or degraded by intestinal enzymes, resulting in low avidity. However, they also thought that secretory IgA whose avidity was more stable in the intestine might bind firmly to the rotavirus particle, covering the virus and assisting in its elimination. Our IEM results indicate that the AV particles were not coated by IgA, IgG, or IgM. Indeed, evidence from the many instances in which AV have been isolated from stools seems to preclude the probability that certain AV are inhibited to a greater degree than others. Our study and that of Watanabe et al. (30) are not completely comparable, however, because they involved different viruses, and because IEM and radioimmunoassay have different levels of sensitivity.
Previous reports indicating that trypsin enhances infectivity of reoviruses (27) and rotaviruses (1) have prompted us to examine certain enzymes as infectivity enhancers. Carboxypeptidase A, phospholipase C, pepsin, and trypsin did not effect the isolation of the previously noncultivable AV, nor did these enzymes influence in any way the culture of the two AV isolated in this study. These enzymes are apparently not capable of altering the virus or the cells sufficiently to allow isolation of the noncultivable AV. By contrast, Spendlove and Schaffer (27) (1) .
The fourth hypothesis was that the particles were intact infectious AV but were incapable of productive infection in the tissue culture systems we employed. FA and CIE results both demonstrated a physical dilution effect of the starting inoculum in serial tissue culture passages, resulting in decreasing positivity from the first through the third passage. Although the degree of positivity by FA was lower in the noncultivable AV than in the cultivable ones, the FA staining in both groups was typical of AV in epithelial cells (2, 19, 25) 
